1 shows integrated intensity and peak velocity maps of the 484.056 GHz Si 18 O (J=12-11) and the 463.171 GHz H 2 O (ν 2 =1, J Ka,Kc =4 2,2 -3 3,1 ) lines, along with the continuum emission at 490 GHz [22] . The continuum emission has a deconvolved size of 90 au×20 au extending perpendicular to the NE-SW bipolar outflow arising from the edge-on rotating disk [15, 21, 22, 23] . The 484 GHz Si 18 O (J=12-11) line clearly traces a NE-SW bipolar outflow, although the size of the outflow lobes, ∼200 au, are much smaller than that traced by the lower-energy transitions [16, 17] . This is because the critical density required to excite the J=12-11 transition (6×10 7 cm −3 ) is higher than those of J=2-1 at 86 GHz (3×10 5 cm −3 ) [16] and J=5-4 at 217 GHz (4×10 6 cm −3 ) [17] . It is also expected that the optically thin, less abundant Si 18 O isotopologue ( 16 O/ 18 O∼250) [24] selectively traces regions of higher density than the optically thick Si 16 O lines. In contrast, the 463 GHz H 2 O line shows a more compact structure than that of the Si 18 O map. Because of its high excitation energy (2744 K), the 463 GHz H 2 O line would be emitted from the hot molecular gas disk and base of the outflow closer to the central YSO [19, 21] (Figures 1(b)(c) ). Velocity gradients across the outflow or jet axis of other sources have been detected and have been attributed to rotation motions [5] . Alternative scenarios have also been suggested to explain the observed gradients, such as precessing motion, interaction with a warped disk, or two unresolved jets. However, we could not see any hints of wiggled or S-shaped point symmetric structure, disagreement of velocity structure in opposing outflow lobes or between disk and outflow, unlike previous studies. In contrast, we spatially resolve the velocity gradients in both lobes of the molecular outflow traced by the Si 18 O emission, which are similar in the observed H 2 O emission (which traces the disk) ( Figure 2 and Supplementary Figure 5) . Furthermore, all the observed parameters/properties can be explained consistently via the rotation motions of the disk and outflow as discussed below. Thus, we conclude that outflow rotation is the best explanation for the velocity gradients in Source I.
The signature of rotation is clearly demonstrated in the position-velocity (PV) diagrams of the 484 GHz Si 18 O and 463 GHz H 2 O emission in the disk midplane (Figures 2(a)(b) ). These are analogous to those of the high excitation lines detected by the recent ALMA observations [19, 21] . The PV maps exhibit a signature of a central hole ( Supplementary Figure 1(b) ) suggesting that emission from the outer parts of the outflow is dominant, and/or that high opacity continuum emission could obscure the innermost region in the midplane [19, 21, 22] . The inner and outer radii of the disk, and rotation velocities at these positions are derived from the Si 18 O map, R in (z=0)=24±8 au, R out (z=0)=76±4 au, v φ (z=0,r=R in )=17.9±0.6 km s −1 , and v φ (z=0,r=R out )=7.0±0.4 km s −1 with 1σ errors (Methods section). While the above values can be explained by a rotation curve conserving angular momentum, v φ ∝ r −1 , the PV diagrams could not distinguish Keplerian rotation, v φ ∝ r −0.5 due to insufficient resolution. Assuming Keplerian rotation, the enclosed mass is estimated to be 8.7±0.6M ⊙ (1σ) from the maximum rotation velocity at the inner radius. The result is consistent with the mass estimated from SiO maser observations [11] . However, the shallower velocity gradient around the systemic velocity (5 km s −1 ) agrees with a smaller enclosed mass [19, 21] . It is also likely that the inner radii and resultant enclosed mass could be overestimated due to insufficient angular resolution.
We made slices for PV diagrams of the 484 GHz Si 18 O line at different offset positions from the disk midplane, z (Figure 1(a) ). The PV diagrams at z ∼ ±25 au show velocity gradients similar to that along the midplane (Figures 2(a)(c) ). Because of the beam size of 50 au which is larger than the 25 au width and interval of the PV diagram slices, the data could be affected by contamination from the disk midplane. However, elliptical structures in the PV diagram with slight inclination become more clear at z = ±75 au or larger distances from the midplane. These can be interpreted as rotation with radial expansion perpendicular to the outflow axis ( Supplementary Figure 1(d) ). Such a clear and continuous structural change in the PV diagrams of the outflow directly connecting from the disk with rotation and radial expansion is revealed for the first time in the present study. It is a major difference from previous maser observations which could measure proper motions at higher angular resolution but with discrete sampling of spatial structures [6, 7] . These findings are facilitated by utilizing high excitation thermal emission from the H 2 O and Si 18 O lines. PV diagrams along the outflow axis reveal the detailed structure of the outflow as a function of the distance from the disk midplane (Methods section and Figure 3) . The inner and outer radii of the outflow, R in and R out , increase at larger offset from the midplane (Figure 3(a) ). The radial expansion velocity perpendicular to the outflow axis, v r (r=R out )∼10 km s −1 shows no significant trend as a function of the distance from the disk midplane (Figure 3(b) ). In contrast, rotation velocities at both of the inner v φ (r=R in ) and outer v φ (r=R out ) radii are almost constant close to the midplane within |z| ≤50 au, while those at the outer radius slow down significantly at larger offsets from the midplane (Figure 3(c) ). The specific angular momentum, J=v φ r, of the outflow is almost constant within |z| ≤ 50 au, particularly for the inner radius R in , while there is still a significant amount of specific angular momentum at the larger distance from the disk midplane (Figure 3(d) ). Given the enclosed mass of 8.7M ⊙ and the conservation of angular momentum, the specific angular momentum of 400-600 km s −1 au corresponds to centrifugal radii of 21-47 au, where the gravitational and centrifugal forces balance. The derived centrifugal radii agree with that of the observed disk size (Figure 3(a) ), implying that the outflow mainly originates in a region close to the derived centrifugal radii. Such a rotating outflow launched in the disk outer radii is most likely explained by the magneto-centrifugal disk wind mechanism, adding strong support to previous claims [6, 11] . Similarly, the launch radii of magneto-centrifugal disk winds in low-mass YSOs are also comparable to their disk radii, as seen in recent ALMA observations of TMC-1A [25] . The centrifugal radii and specific angular momentum in Source I are larger than those of TMC-1A due to its larger stellar mass. We note that the specific angular momentum at the outer radius R out shows a slightly decreasing trend as the outflow moves away from the disk midplane (Figure 3(d) ), which contrasts the trend seen in TMC 1A [25] . This is probably due to the dissipation of angular momentum from the outflow to the ambient gas or the contribution from the swept-up ambient gas with smaller angular momentum by the outflow in Source I. The opening angle of the outflow (Supplementary Figure 4) has a maximum value of 70 degrees close to the midplane z=±25 au (Figure 3(e) ). Such a wide opening angle close to the launching point and collimation at a larger distance, which could be achieved by hoop stress [3] , are also indicative of a magneto-centrifugal disk wind.
The dynamical timescale of the outflow traced by the Si 18 O line is estimated from the outer radius and radial expansion velocity, t dyn =R out /v r =70±4 yr (1σ) at z=±150 au. It should be noted that the Si 18 O line traces only the central part of the larger NE-SW bipolar outflow with a much longer dynamical timescale [16] . Using this dynamical time, the outward velocity along the outflow axis, v z , is estimated to be 10 km s −1 . This is close to the three-dimensional velocity of the lowvelocity "18 km s −1 " outflow which is measured by proper motions of H 2 O masers[6], but much lower than those observed in optical jets driven by T-Tauri stars [5] . The three-dimensional velocity of 18 km s −1 is consistent with the maximum rotation velocity in the disk midplane, 17.9 km s
at R in (z=0)=24 au. The similarity lends further support to our inferred outflow launching radius. Using the derived enclosed mass (8.7M ⊙ ) and outward velocity along the outflow (10 km s −1 ), we can also derive the launching radii of the outflow by using the magneto-centrifugal disk wind model [26] (see their equation (4)). The calculated values, 5-25 au, are comparable with or slightly smaller than the centrifugal radii as estimated above (21-47 au). If we instead adopt an outward velocity of 18 km s −1 from maser kinematics[6], the estimate launching radii become smaller by 10-25%. Alternative outflow mechanisms include entrainment of ambient gas by a high-velocity (>100 km s −1 ) primary jet [8] . However, the kinematics discussed above are better explained by an outflow directly driven by a disk wind, rather than entrainment by a narrow high-velocity jet which has never been identified toward Source I. The above estimated launching radius suggests that contribution from other mechanisms (stellar-wind[9] or X-wind[10] which are launched from a close vicinity to the central YSO) would be small in the case of Source I.
In Orion KL, high velocity (∼100 km s −1 ) explosive outflows have been identified in infrared and radio observations which are thought to have been triggered by a dynamical encounter event 500 years ago [27, 28] . It is predicted that Source I is a binary system newly formed during the encounter event with a total mass and binary separation of 20 M ⊙ and <10 au, respectively [23, 27] (although the mass, luminosity, and temperature of the central star or binary system is still controversial [13, 15, 19, 21, 23, 29] ). Even if we assume a higher mass (20M ⊙ ) and a binary system, the corresponding centrifugal radii, 9-20 au, would not conflict with the magneto-centrifugal disk wind driven by a circumbinary disk [30] . Thus, our results provide a compelling observational signature of a rotating outflow driven by the magneto-centrifugal disk wind launched by a high-mass YSO candidate, Source I. This picture is analogous to those of low-mass YSO cases [25] , in which mass accretion occurs through disks by carrying away significant amount of angular momentum by the magneto-centrifugal disk wind, as theoretical models predict[1, 2, 3, 4]. The present study reveals not only the outflow driving mechanism but also proves a possible scenario of mass accretion and angular momentum transfer processes in high-mass star-formation via the disk accretion. Outer and inner radii of the outflow, R out and R in , (b) radial expansion velocity perpendicular to the outflow axis at the outer radius, v r (R out ), (c) rotation velocity at the outer and inner radii, v φ (R out ) and v φ (R in ), (d) specific angular momentum at the outer and inner radii, J(R out ) and J(R in ), and (e) opening angle of the outflow θ (Supplementary Figure 4) . The fitting results to the linear velocity gradients across the outer radius (green) and inner radius (blue) are plotted for the offset within |z| ≤50 au from the midplane. The fitting results to the elliptical function (red) are plotted for the offset of |z| ≥50 au or larger from the midplane. We note that both linear and elliptical function fitting are done at z=±50 au for comparison (see Methods section).
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Methods
ALMA observations and data analysis
Observations of the submillimeter Si 18 O and H 2 O lines were carried out on July 27 (490 GHz) and August 27 (460 GHz), 2015 with the Atacama Large Millimeter/Submillimeter Array (ALMA) as one of the science projects in cycle 2 (2013.1.00048). The target source was the radio Source I in Orion KL (Orion Source I) and the tracking center position was RA(J2000)=05h35m14.512s, Decl(J2000)=−05d22'30.57". The total on-source integration time of the target source was 410 seconds and 315 seconds for 463 GHz and 484 GHz, respectively. The vibrationally ground Si 18 O line at 484.056 GHz (J=12-11, E l =128 K [31] ) and the vibrationally excited H 2 O line at 463.171 GHz (ν 2 =1, J Ka,Kc =4 2,2 -3 3,1 , E l =2744 K [32] , respectively . The synthesis imaging and self-calibration were done with the CASA software package. We employed the calibrated data delivered by the East-Asia ALMA Regional Center (EA-ARC). First, visibility data were separated into spectral lines and continuum emissions by setting the line free channels with the CASA task uvcontsub. Next, both phase and amplitude self-calibration was done with the continuum emission of Source I by integrating over all the channels using CASA tasks clean and gaincal. Because of calibration problems in the delivered data due to the large atmospheric opacity around 487 GHz, we used only three spectral windows among four ALMA basebands to make a continuum image at 490 GHz [22] . The phase and amplitude solutions of self-calibration were applied to all the spectral channels including the target lines by the CASA task applycal. The uniform-weighted synthesized images were made for both 484 GHz Si 18 O and 463 GHz H 2 O lines by using the CASA task clean providing velocity channel maps (image cubes; Supplementary Figure 5 ). The resultant synthesized beam size were 124 mas×97 mas with the position angle of 73.3 degrees at 484 GHz and 121 mas×104 mas with the position angle of 85.2 degrees at 463 GHz. The maps of the 484 GHz Si 18 O and 463 GHz H 2 O lines were registered with that of the 460 GHz and 490 GHz continuum maps, respectively [22] . The moment maps were created by the CASA task immoments. Some of the analysis and plotting were done with the AIPS software package. We made position-velocity (PV) diagrams by using AIPS in a standard manner.
The produced PV diagrams were analyzed to derive the physical parameters by fitting the images. We found that the observed PV diagrams show different velocity structures as seen in Figure 2(c) . These PV diagrams can be interpreted as a combination of rotation and radial expansion motions perpendicular to the outflow axis. Schematic model PV diagrams are shown in Supplementary Figure  1 . If the slice of the rotating outflow or disk has a ring-like structure with a central hole, one can see a linear velocity gradient without high-velocity components associated with the inner part. If the gas radially expands outward with significant rotation, the PV diagram becomes elliptical morphology with velocity gradients.
To derive the radius of the outflow, rotation velocity, and radial expansion velocity, we fitted the linear function or elliptical function to the PV diagrams (Supplementary Figure 1) . The examples are shown in Supplementary Figures 2 and 3 . We determined the peak position and those of the full-width at half maximum (FWHM) for each velocity channels by Gaussian fittings to the intensity profile (Supplementary Figures 2(c) and 3(c) ). The linear velocity gradient is applied to the PV diagrams within z=±50 au or smaller offset from the disk midplane. For PV diagrams with the elliptical shape, we employed two Gaussians to determine the double-peaked intensity profiles if there are two peak positions at the same velocity channel (Supplementary Figure 3(c) ). The elliptical function fitting is conducted for the PV diagrams at the offset of z=±50 au or larger distance from the disk midplane. For comparison, we applied both fitting procedure at z=±50 au. To derive linear velocity gradients across the disk inner radius, we carried out fitting to use the highest velocity components with the width of 6 channels (3 km s −1 ) as shown in Supplementary Figures 2(a) and 3(a) . On the other hand, linear velocity gradients across the disk outer radius are obtained by fitting the linear function using the outermost part corresponding to the FWHM positions with the velocity width of 3 km s −1 (or 6 channels), as shown in Supplementary Figure 2(b) . To fit the elliptical-shaped PV diagrams, we only used the outer boundary corresponding to the FWHM positions in the fitting (Supplementary Figure 3(b) ). The quoted uncertainties for the peak positions and half maximum positions are estimated from the fitting errors to the PV diagrams with 1σ level.
Using the above fitting results, we estimate the outflow parameters such as the inner and outer radii, R in and R out , the radial expansion velocity perpendicular to the outflow axis, v r , and the rotation velocity, v φ , as a function of the distance from the disk midplane, z. The geometry of the outflow and the employed coordinate system is illustrated in Supplementary Figure 4 . All the uncertainties for outflow parameters are estimated by those of the fitting of PV diagrams. We note that the fitting procedures discussed above are too simplified and hence, further modeling including multi-transition radiative transfer calculations are required to discuss derived parameters and rotation curves more quantitatively.
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